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A BSTRACTI 


Instrumentation was developed for investigating 


the radio frequency link between the A station and the 


B unit in the Range Measurement System. Propagaticn 
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simulaticn in a laboratory environment. Field 


experiments were conducted “о investigate the presence 
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А. BACKGROUND 


The United States Àrmy Combat Deveicpment 
Experimentation Command (152080) emplcys the Range 
Measurement System (RMS) at Fort Hunter Liggstt. тше 515 
system 15 sea to provide accurate Ecsition/location 


шша 1сп and digital data communicaticn capabilities 
ШЕ маеп тәстіса! ground and airborne units for combat 
evaluaticns. In previous years several versistent  rrcblems 
EE -Ideatifved, the solution of Maich cculd potentially 
lead to a Significant improvement in the О 


effectiveness and reliability of the RMS system. 


Шие Of tae significat difficulties identified was in 
electromagnetic  anonolies. The uniquely ruggec +errain at 
NES Бап теке Іласбет: lə "о (із specuiation that aultipath 
rropagaticn could be causing system errors. Iz was apparent 
that a systematic investigaticn cf the Scc Mos жара л 


dex 
L 
ENS A more details 


р (Ф 


rnenomena on the RMS system was nee 


Ен is presented in Ref. 1. 





DEMONS OEPJECTTVES 


HUNE оне ог въз work was to determine if errcrs іп 


шаша Collected Бу the RNS system, such as ‘wild' ranges 
ша ре attributed to multipatn chenorena. ве. со 
identify and document anv preiously unknown rrcblens 
encountered during the investigation. 


eno SYSTEM DESCRIPTION 


Ни севавшапа т моп ал "provision c£  pcsition/location 
ШЕ МШЕ ст ot tactical ground and airkerne units “с the 
spruce cem=rol facility 15 accomplished Бу deploying 


interrogation stations (A stations) at surveyed locations. 
The A statiors communicate ona discrete address basis wich 
ишла ра units (8 units) located in grcund or airbcrnse 
elements. Then, the в units transmit range Dulse and 
mores umemcaticn data to tne "А stations. The A stations 
Operate under the direction of a computer-ccntrolied central 
station (С station), which communicates directi 

Беота ош тла a relay/distribution staticn (D station). 
Figure 1 (extracted from Ref. 2) shows the general 


arrangement of tne RMS systen. 


The RMS system is a pulse code nodulation/arplitude 
nodulaticn system that transaits formatted messages and 
range pulses at a carrier frequency of 918 MHz. Messaces in 


E гс асс Transnitced vias tone purzsts at subcarrier 
EB шиг ӨЗІ ала 4.05 MHz. Each 
ubcarrisr represents a channel, which is further subdivide 


ntc uprer and lower sidebaras for transmission of ones and 





ин. Thais mesas that, on channel 1 (1.35 MHz), a tone 
burst on the upper sideband represents a one and a tone 
burst on the lower sideband is a zero. Thus, the 
simultaneous triggering of both the upper ard the lcwer 
sidebands of a channel does not cccur. This technique 15 
used to eliminate intersymbol interference. A half-duplex 
mode is used in the A-E link in which channels 2 and 3 аге 
гэ for tregsuseeng informaticn from the A station to the 
B unit and channels 1 and Y transmit information from В to 
A. Ranging is accomplished Бу pulses at the carrier 
rrequency. The system uses cmnidirectional vertically 
polarized artennas with the naxinum gain in the horizontal 
plane for ths B unit and approximately 10 degrees below «Це 
шава опса Ecr the KR Station. А detailed description cf tha 
system operation and the individual elements is contained in 
Ме 3. 


The system has four modes of operation; Ranging (Rares), 
Fort Соппаплсастоа (52054), Extended Communication A to В 
ШІН) and £Xtenaed Ccngunication B to A (EEA). A detailed 
description о: each mode and digital message format is 
Semedined іп Ref. 3 The data Dosggccsonzdystssbution 
онов ці Chat are carried out by the C station for each 


ШЕ 2 сессгігей іп (есат!і in Ref. Y. 
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Аі MULTIBEATE PROPAGATIÓN PEENOMENA AT UBF 


1. 81215 1015 


ИЕ ша prora gation normally exists in i 
terrain, but it is also likely to pe found ir any area Y 
obstacles ars present (buildings, trees, vehicles, etc.). 
Multipath propagation 1s the phenomenon that occurs when 
there ars папу rays (paths) along which aisctromagnstic 
energy can travel from the transmitting point tc tl 
receiving  pcint. The propagation times, ап 

phases differ in these rays at the recéiving point. The 
Variances will sometimes enhance and  scuetimes tend to 
cancel the original signal at the receiver, resulting in 
Signal-strength variations known as ‘fading’. At ultre-high 
frequencies (ПНЕ) two types of multipath that produce fading 
are atmospheric-multipath and reflection-multipath (Ref. 5). 
Atmospheric-aultipath is caused by two or mcre rays arriving 
BY 1: О тгегел+ paths. These different paths are 
caused by abnormal variations in tne cnaracteristics of the 
lower atmosphere. ШОО atmosphers" is uniform in tae 
propagaticn area then this type of multipath does not exist. 
Beer ron Ш рае 15 Erco the 1ntemmeñlca or direct and 
reflected rays. а шШе-сі-сіаіс (105) propagation tas 
gerlecting —surrace may be the ground or any obstacle not in 
ӘНЕС Саз rmuPc 2 illustrates multipath propagation ina 


the atmosrhers. 


12 
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Х The intluence of multipath on a communication systen 
is дезсг! Кей in terms cf two effects; selective fading and 
intersynbcl іптсегтегепсе (Ref. 6). Selective fading is 
related to the relative radio frequency (RF) phases of the 
signals arriving at the receiving antenna via the vericus 
paths. For any frequency, the total received signal is the 
Usctor sum cf all the individual path components. Since the 
amplitudes and phases of the reflected signals vary with the 
rsflecticn cceificient of the reflecting surface and delayed 
rath length, the resultant received signal will also vary. 
Moreover, ЈЕ a signal is composed of different frequencies 
Ex c vector sum for a particular frequency | ре 
differant, since losses and time delays are frequency 
dependent as well. Thus, there are sıaanal-srrerngta 
variations cf the received signal with respect to time and 


frequency which is termed selective fading. 


Intersymbol interference is asscciated with the time 
delay between the first and last significant signalis. If 
EB -Modculaticm іс rapid enough, the signal interference will 
result ina smearing of the intelligence, fcr any signal 
ЕГО. Fer example, if à particular modulation technique 
is used te transmit digital signals, interference may cause 
ЕЕ од comsa*ned іп а symbol fcr a “опе! %0 be 
Еш Сромай to cause a detection error in а following 


Samol rcr a 'zero'. 


2. Ешшесіз 


Iw 
O 
rh 
са 
с 
Кк 
E 
|! 
fu 
ct 
> 
E 
го) 
ет 
іно 
йл 
іо 
л 
< 
ТИ 
ct 
ID 
ГЕ! 
їл 


Pulse communication systsas ale gereraily tolerant 
шоог: propagation hat produces а reflected pulse 
ШОС сма nh  Lespect to the direct-path signal, is 
small ccmpared with the pulsewidth. In this case 


Е itcerterence will be slight although distcrtion 
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of individual pulses may bes Significant. ва net. 7) 
showed that intersymktol interference prcklems arise when 
reflected puises are as large or larger than the pulsewidth. 
In single-pulse systems where pulses аге изей for timing, as 
in some radars, detection of the arrival of the leadinc edge 
E: рие LS critical.  Distorticn of the pulse due to 


multipath in such a system may lead to errors. 
В. COLNE CF AXA SiS WETHODS 


шог TE Arg to quantitatively analyze tke effects or 
multipath on communication signals several techniques have 


keen developed. 


188 Erediction Models 


© e анн о l Др. Á a — — — —— 


әне is probabilistic 
and lends itself to prediction models based сп probatility 
ever 


1 
theory. S al authors (Refs. 7, 8 and 9) have developed 


acdels fcr specific environments and communicaton systems. 
rrediction models аге normally designed ior a particular 
requirement and are therefore limited in their general 


apii cat icn. 


һә 
На 


pirical Results of Previous Test 


йл 


Comparative analysis of previous tests of aultipath 


effects tc the system reing considered can te valuable. Ta 
many cases where modelling ої а system is impractical 
Systems are tested іп actual multipath envircnsents. 


Дай ера 2 very accurate merhcd, it normally 


Ieguires more time than modelling. Therefore, if previous 
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testing of similar sytems has teen conaucted their results 
may provide the desired information. There has been a 
significant amount of data collected concerning the effects 
СЕ multipath on numerous communication systems and in a 


variety of envircnuents. 


3. Laboratory Simulation 


This method is particularly useful since it does not 
depend cn other sources ӨРЕ informatico. hl=hcuga 
simulaticns fay not correspond to the actual environment tas 
ccmmunication system will be operating in, they do provide 
an understanding of the svsteu sensitivity tc vary signals. 
Jakes (Ref. Е) has developed two fading simulations for 
mopile communication systems operating at micrcwave 


frequencies. 
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III. EXPERIMENTATION DEVELOPMENT 


ШЕ СО ШЕВА CONSIDERATIONS 


Althcugh there has been extensive work and large amcunts 
СЕ епрег са! Чата compiled on the multipath problem dealing 
with mocile communication systems and pulse communications 
Но села (Refs 10-12) very little data was = found that 
could be applied to the RMS system. IT Мас further 
used that statistical modelling of the multipath 
environment at по Hunter Liggett was impractical. 
Therefore, actual field measurements were conducted to 
provide accurate aultipath data aná at the same time unccver 
Sener RMS orcblems. n an effort to become more familiar 
with tne RMS system operations and to develcpe measurement 
БӘРЕП Ше ¡rior tc going to the field a laboratory 
Simulaticn «as designed. It was apparent that the RF link 
ПОСЕ 111012: сс be агсіестед by multipath was the A station to 
ВИ та link. Therefore, it was the only link in the system 
eomsidered im the rants. The Range and to a lesser 
extent SC Gil modes of operation were the only  mcdes 
considered. By observing the actual detected signals at the 
DNE воно Ss Ulde receivers amd noting the variation frcm the 
specified waveforms an understanding of the effects of the 


multipath environment was realized. 
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1. 514 41 Намегогз 


Oee سے‎ = — em 


Pricr to determining what type of instrumentation 
was going to be used a basic understanding cr the signal 
waveforms was necessary. In the Range пода the A station 
upon command from the C station transmits a formatted signal 
а В unit. The signal consists of an initializing pulse, 
ПО ,address bits, two node bits and а rance pulse. Тра 
initializing pulse sets the required automatic gain ccntrol 
(AGC) level in the B unit receiver. The 10 address tits 
determine the 3 unit that is being interrcgated. The mode 
bits indicate that the ranging mode is being used and the 
range pulse provides a timing marker from which ranges are 
M@emermined. All B units that are operating will "listen! 
Noche A stacion transmission, but only the 2 unit thet can 


identify the address “ill respond. 


Upon receipt of a range command the E unit starts a 
calibrated internal delay after which it transmits a message 
back to tae А station. The internal delay in the B unit is 
triggered ру the leading edge of the received range pulse. 
Me message that iS transmitted back tc the A station 
ccnsists of a леѕѕааз flag bit and a range pulse. Tne slant 
range between the A station and the 3 unit is determined by 
а 15 bit clock in the A station that measures the time 
between the transmission ог a range pulse (leading sdce) by 

Ue сва-тап апа the detection ct the leading edge cf the 
eam: ule ETON the В unit at the A station. The A station 
пао се ле ror еле internal delay or the B unit and 


м ве ы 15 Бе range to the C station. The least 


Fi 
О 
4 


шиг го спе гапсје corresponds tc a range of 2 


ү: 
2 


Meters. 
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Тһе SCOM mode is a communication mode by which the С 
station can Send a four bit message to a B unit via an A 
station. For the AB link, the A station transmits a message 
ШО Ог В МІС teat consists of an initializing pulse, 10 
address bits, two mode bits and four message bits. The B 
unit response to the A station 1S & signal ccnsisting of 13 
message tits. At tne В unit the four received message bits 
are displayed оп an input/output (1/0) device (Figure 3). 
Reference 3 presents a more complete description of the 
waveforms and explains how they are generated. Figure 4 
shows the signal waveforms that are transmitted ру the A 


са toz the Range and SCCM nodes. 


Тов: Оп О: some of tne о Ба5іс multipath 
thecry 164 to the assumpticn that distorticn of the signal 
waveform cy selective fading of the signal due to multipath 
ша be ггсгропзЕрРІЗ ос some of the errors in RMS data. It 
was clear that significant distcrtion of address bits in any 
аве оЕ срегагтоп niga: camse Ehe B Unit tc ігі! to identify 
its own address. This would cause a 'no E unit resronse' 
result. Ir NEN Loss i Sc, OTStOPt3icn сё the addgess 
ЕПС De СПОР Сіс сасон става аса ес В unit to гезгопа. 
ШЕ was alsc арраш ка ас Біспігісапёі distortion ст the 
ша pulse пшіапс басс ӘБЕС Ге 51 slant range data. ¿in the 
SO ¡ode diston on in (Е address and/cr neSsaqe kits 
cculd lead to no or incorrect B unit responses or errors in 


the received пеззасе. 
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The £cllowing characteristics are thcse specified by 
mne designer fcr properiy operating and aligned A sta 
and 
ehe A Station and 80.8 dBm fcr the B unit. The В и 


tJ 


at 
uus. Thecurnzaum transmitter output pcwer is 37 


ВЕ: орега јоп 15 ELON ~23 dBm to -67 dBm. The 
Station antenna is an eight dipole pair colinsar arrey with 
Swamper  elsvated 24 feet above the ground. Reference 13 
Memes the vertical and horizontal patterns fer the antenna, 
which are reproduced in Figures 5 and 6. There are several 
antennas designed fcr use with the В unit. However, the 
helmet  mcuntad quarter-wave monopole was the only antenna 
efs. 1 and 
h 


= 
— 


“2 


considered. Laboratory and field measurements ( 


ct 
(D 


14) в вона Significant variations. in antenna 


fore, the 


Ф 
(b 


patterns frem one nelnet antenna to another, Th 
design specifications were somewhat suspect in determining 
the 5 unit antenna gain. Figures 7 апа 8 Show 
representative vertical and hcrizontal  patxerns Есі the 


helmet antenna. 
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Figure 7 - VERTICAL PATTERN HELMET ANTENNA 
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NEED: he A Station with respect to the 3 
ШІ: 15 ап 2ReEGrtant Lactor aS is readily aprarent from the 
antenna patterns. Figure 9 is a diagran of the relative 
ШОБ у опе с: the A station and the B unit and shows the 309 
Esse at which the gain of the A station antenna has dropped 
to *2 dB.  Lesignating any arsa where the A station antenna 
gain is below +2 dB as an 'apparent' null the пїпїтиш 
d tance (S) to a B unit for any given relative height (Н) 


can be calculated frcm tre equation 
гт 6029 


Table 1 gives scme representative values cÉ this distance 


ето сат № staticn antenna heights. 


The transmission loss in free space, that is, in a 
Ноос tres Frog all okiects that might retlect or akscrk RF 


energy (Ref. 15) is given ру 
2 


E 215" 
2 
where X= the wavelength in meters 
а = tke distance between antennas in tTsters 
This loss provides a good 2stinate to the cperating range 
ПЕ сапсе) Of the system (AB link), which is specified fron 
a Minimum of 30 meters to a maxinum range of 9,000 meters. 
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Ee ЩШМОТЕОЦЕНТАТТОН 


Тһе kasic RMS ccmponents required for the experiments 
Кле = = апдјага A station and a micro B ünit. In addition, 
a B Unit Checkout Set was necessary to trigger the A station 
to interrogate the B unit. References 2 and 16 present a 
Semele ce deccriperoh and з detailed operaticn of the micro B 
unit and the A station respectively. Appendix A presents a 
complete description and the operating prccedures for the 3 
Unit Checkout Set (checkout set). Several cther items «ere 
used for specific tests such as the Monitcr Input/Cutput 
Device (I/O device), antennas and the B unit Fower  Preakout 
Fox. Prior to commencing any experiment the A staticn was 
Checked rcr groper alignment in accordance with procedures 


ест корен in Hef. 15. 


The primary measurement instrument was the Tektrenix 
72 8 orage Oscilloscope (Figure 10). This mainframe 
togather with accompanying plug-ins provided a fast writing 
speed, variable persistance display and signal storage 
сараюшії су. Its use was  dicteted by the Specified 
characteristics cr the signal waveforms under investigation. 
Appendix В gives some cf the performance characteristics of 
the 7834 and the procedures used to make both laboratory and 
field measurements. ЕШ ай тол ес the escillocecce, 
various attenuators, тен топа + couplers, envelope 
detectors, pewer meters, DC power sources and coaxial cables 
Were used as required by individual experiments. These 
itens were checxed to meet required bandwidth and  рснег 
ratings pricr to being used in actual experiments. Because 
Е ЕТ Лем loss characteristics (9 dB/100 ft at 
990 WHz), RG-213/Y coaxial cable was used whenever cable was 


needed for the transmission path. 
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BELL ONNGLE-PATH EXPERIMENTS 


A simple singie-path arrangement (Figure 11) was set up 
With coaxial cable used as the RF link. Several laboratory 
experiments were conducted with this setup (с measure the 
performance of the A station and the B unit in an *ideal' 
propagaticn environment. Тһе procedures and data collected 
for the single-path experiments are presented in Appendix C. 
The A station and B unit were kept at an ambient temperature 
cf 200C during all of the single-path and multipath 


Simulaticn experiments. 


The axpsriments verified that the system operates 
СПО ос to specifications in а single-path environment. 
Figure 12 presents typical signal  wavezcrms that were 
measured with the 7834 oscilloscope. The figure shows an 
КОО ге сүсіс іп the Range mode with the upper trace being 
the signals transmitted by the A station. The lower trace 
ШӘ спе detected video signal of the B3 unit and consists of 
both the received and transmitted signals. The numbers 
displayed are the vertical scales (200 mV and 50 mV) for 
РЕП ггасе алап (де norizoptal scale (50 microseconds) for 
Besen traces. A picture of а range pulse that has teen 
expanded to measure rise time is presented in Figure 13. 
Proce eXPectiments clearly showed that distcrticn of the range 
ruise could cause errors in the slant range data. en 
ОЛ Fir маз determined that the В unit I/O device had 


no degrading effect on the systen perfcrmance. 
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ПОН ОО КАМЮ ВО RANGE PULSE 


Bez yvstem operating time during the  single-path tests 
а 1260 ovsr 60 hours most of which was in the continuous 
Gommand mcde. During this period there were no failures of 
EIE I -tutjycn and one failure cf thes B unit. This failure 


was attributed to a breakdown in the power supply component 


(D 
= 
Са 


и - пе Е unit. Tue B unzt checkout set failed near the 
СЕ the testing. The failure was due to a malfunction in the 
Ku от supply ІСІ the Logic unit of the set. Repair of 


these failures was timely and did not delay the testing. 
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 ППОГТЕГРАТЕ ЭЛИТА СП ЕХЕЕКІМЕНТ5 


To simulate a RUE path environment a twc- path 
arrangement (Figure 14) was developed in the laboratory. 
The longer path was designated as the 'delayed' path ard Жаз 
Shorter Fath was the ‘direct’ path. The direct path 
сопсајпед а section of variable coaxial cable that could be 
extended tc provide up to 25 cm additicnal path. Ву 
charging the length of the direct path a small anourt with 
respect to a wavelength the phase addition of the two 
signals could be varied. Variable attenuators were used to 


БСО] the signal strength of each path. 


The exreriments conducted with this setup demonstrated 
Eno tt was Cossible to distort the signals arriving at the 
A station and B unit enough to cause Significant errors in 
the systen. Figures 15 is an example of a distorted range 
pulse that led to a 'nc B response’ result thcugh the system 
was working well within its specified operating range. The 
procedures and data collected for the multifath experiments 
is presented in Appendix D. The only system failure that 
Erenrred during these tests мае а  reoccurrance or тіз 
Moe ian the 3 unit checkout set. An external 5 VDC 
source was hcoked up te the logic unit and this renedied the 


к сортеп. 
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Figure 15- DISTORTED RANGE EULSE 
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СИЕ СВЕСТВО RESULTS IN THE FIELD 


The results of the s*ng*'e-path and multipath simulation 
experiments indicated that it was possible tc have errcrs in 
спе RMS data if certain unusual propagation phenomena cause 
пи отъ? сп of the signal waveform by selective fading. It 
was alse clear that due to the non Sues rectional 
characteristic of some helmet antennas a signal arriving at 
the antenna via a delayed or reflected path might te as 
Нэг as tbe direct path ssgral. The multipatb simulation 
ама how this condition could result іп RMS errors. 
Intersymrcl interference was nct experienced in any cf the 


labcratcry experiments. 


The 111449 terrain at E. Hunter Liggett is 
Characteristic of a multipath environment. ЕБГ гое = 
show scme typical B unit locations with respect tc an A 
station. Figure 16 shows the B unit located close to the A 
ЕТО ЕД по reflecting" objects in the vicinity cf the B 
ВЕЕ апсеппа. In this ease the reflected path signal would 
ба expected to be significantly less than the direct path 
Samadi, thus Selective trading shculd net be a problem. The 
situations depicted in Figures 17, 19 and 20 mignt produce 
ес 321 Terlected path Signals of equal nagritude 
arriving at the A station and B unit. It was considered 


ШЕШ Кету that the reflected path signal of Figure 18 would 


ty 
О 
it 


= 


the sage order of magnitude as the direct cath signal. 


Ha 
y 
їл 
Ф 


са зато со Nemes consider the possibility that a 


(D 


= 

reflecting surface лау be within a few wavelengths cf the 
antenna as would be the tase if the antenna were mounted оп 
ст 


~ 


nar a vehicie or near trees or buildings. However the 


( 


fai 


elle. tests did not consi 


(n 


er those types of situations. 


39 





-- DISTANT 
HILIS 





Meme 16 = ВЕ LINK SITUATION 1 





Figure 17 - AB LINK SITUATION 2 
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Figure 19 - AB LINK SITUATICN 4 





CLOSE 


т” | | 
=“ N 
Ar 
a 
сэн MOUNTAINS 
— . ғ” 








Duro 20 — AB DLRNEMSITUATION 5 


Dog-uumsrv selective fading mas most likely to occur, if 
the direct and reflected path lengths were almost equal ard 
apparent nulls of the A station and B unit artennas lie in 
mic direct path. Intersyrbol interference was considered 
very unlikely since the requirement of a large time delay 
implies significantly larger path attenuaticn of tne delayed 
pues. Обо in general the long»delayed signals will rct ре 
strong ЕО somschstort the next symbol of similar 


Irequency. 
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AW GENERAL CONSIDERATION 


То deterzine the effect of multipath prcpagation on tae 
AB link in the field a technique was develored that limited 
the signals that were being received and trarsmitted by the 
EN Sonat. ТЕе helmet antenna was modified with shielding 
am erial to lipit the E unit to a direct path signal only 
Weenerquwraticn А) or to an indirect path signal only 
(сопіідагасісп B). By measuring the system response іп 
these configurations and comparing the results to the system 
response with an onnidirectional helmet antenna 
(conriguraticn C) a realization of the effects of multipath 
was anticipatsd. Appendix E presents the different helmet 
antenna configurations and how they were developed. 
Additionally, the height o£ the helmet antenna above the 
ground was varied during the field tests to determine tha 
effect this wculd have on tne system. Three heights were 


considered 72 inches, 36 inches and 18 inches above the 


Secu nd 
Two Баѕіс e€xperimeital arrangements were designated to 
ЧИШ ОТТУ “Пс data cellection process. ши the TABI 


arrangement ail measurements were taken at the A station 
with the exception cf the B unit I/O device readings. The 
primary objective of this arrangement was to analyze the 
Signals detected оу tne A Station. In the "ЕАД! arrancement 
all measurements were made at the B unit except the slant 


range readings taxen from the B unit chsckcut set at the A 
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S caen. Figures 21 and 22 show schematically the standard 
"АВ" ап4 !BA! test arrangements. Series of "АВ" or "ВА" 
experiments were distinguished bv number subscripts as shown 


in the following example: 


М2: /п (A station location +) 


Е СЕ anere 2 
і 3 
BD, yore unit location 4) 
Only one experiment was performed at each AB ог Е А 
n. 9 JEL 
Шесасіоп. 


Peeensive logistic support and coorälnaticn was required 
during all phases of the field experiments. The areas ог 
pt. Hunter Liggett that were used fcr most of the 
preliminary reliability investigations are shcwn in Figures 
23 and 24. The tests conducted in these areas were limited 
to the weekends due to YSACLEC experimentation  schecules. 
Thus, any RMS component failure ussually fcrced a delay in 
the testing to the next weekend. Later in the testing а 
mcbile A station antenna was nađe available at Camp Rcberts 
(Figuze 25) where the terrain is very similar to that at Ft. 
Puncer Liggett. Testing at Camp Roberts was not restricted 


co any time period and allowed for easier support. 


Communications between operators at the A station and B 
unit sites «as achieved with battery powered hand-held 
radios. Portable generators were used to provide AC power 
at sites where there маз net an AC power outlet. 
Enuxtsonaliy., реоу1510п58 nad to be made for storing Polaroid 
film, shading measurement equipment, and transporting the 
equipment tc the field. The time spent transporting and 
setting up equipment in the field proved to Ке one of tne 
ШӘЛІ uem тіп tbe total number of field =xoeriments 
that were conducted. Т data collected during the field 


Тре 
experiments is presented in Appendix F. 
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Eur TEST EROCHBURES 


The data ccilection procedures  requirec for each 
experiment depended upcn the arrangement (AE or BA) and the 
mode orf operation (SCCM or Range) being used. However, the 
initial certion of the procedure was the same for all the 
fot, experiments. Же “Шесаслоцпе Of the A station ard p 
unit under test were recorded and the B unit was set ur міса 
the helmet antenna at a height of 72 inches ага in 
Бопгтапгатісп С. Operating in the Range node with 
continuous commands it was verified that the B unit was 
Areo nding Ес che interrogations ог the A station. Pirally, 
the 7834 oscilloscope was set up for recording repeated 


events as described in appendix 8. 


The equipment was set up as Shown in Figure 21 апа 
the initialization procedures were conducted. The case 
temperature and average output power of the A station were 
measured and recorded. The A station transmitted waveform 
was observed on the 7834 oscilloscope and compared with 
laboratory standard to ensure that the A station was 
паше по ргорас у. Next, the signal waveform of the А 
denton videco dətectcr (Pin +7) was disrlayed on the 7834 
and the oscilloscore was prepared for recording single-shot 
степт5. ПР со ser was put in the single 
ccmmand шоа = апа спе helmet апгелпа changed tc conficuration 
Beat 72 anehss, At this point the system was ready to begia 
measuring single events in either the Range cr SCOM mode of 
cperation. ES = Biczure of the A station site 


during a test conducted in the AB arrangement. 
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а. Range Mode 


Operating in the Range mode ten single commands 
were initiat3d and the resulting slant ranges teccrded. 
Pictures or at least two returning range pulses relating to 
particular slant ranges were taken. If the oscillcscope 
ЕСІП ROT recorda In the single-shot node dua to low Signal 
to noise ratio the B unit checkout set was switched to the 
continuous ccmmand mode and the two pictures taken. In this 
esse пе photos could not ke related to a particular slant 


range. 


Upon completion of taking data with the helmet 
antenna in ccnfiguraticn A at 72 inches the antenna was 
lowered то 36 inches. At this height 5 sitgle events were 
observed and cne photo of a range pulse was taken. The 
heimet antenna was then moved to 18 inches above the crcund 
апа 5 more everts were observed and one pheto taken. The 


same procedures were used fcr the helmet antenna in 


GemergQubatrecns B and C. 


= 
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Ви SCOM Mode 


Iime Машаа топе prevented extensive field 
testing in the SCOM aode ho«4ever, a technique was develcped 
for  measurizj individual bits іп tne SCOM message. Message 
Шисанаге статзша стой Iron the B unit to che A station and 
vice versa cn four dizferent frequency cnannesls. These four 
channels чеге s2ns2d after detection and logic level 
Beewersicn at ne A Station logic moäuls test points 24-27 


on electronic board number 1. The signals were then summed 


by a diodes summing сет and Жа yed on the 


ШЕ 
oscillosc:uo=. - each n2imet antenna с шымга: ог and 
Ғе 


Eo 
sucht fiv ШЕРТ, cach witn a diffe 


(b 


ІЗ 


ent message 
Tree A tc B8 and B to А, were made. тае Moto DICE and 
thirteen cit messages transmitted and received ty the A 

L - 


station and 


li 
(= 
р 2 


а 1. 
emac a EGE Sacó 1nterrogaticr. In 
ааа: ion, a: le o of rhe summed icgic signals was 


заае. 


Th» squipment was arranged as shown in Figure 22 and 
Е НИ = пов=аџкев conducted. The B unit power 
мей ThE necessary test points Бог 
ШЕН ne aeteccel video signals but there was net a 
readily accessible point for monitoring the data channels at 
спе З unit. Therefore, experimentation for this arrancement 
мо 01-00 59 Che Вапа mode. In essence, the same 
experiments were conducted in the BA arrangement as in the 
Мара пјешеп-. However, іп this case the signal of 


ЕЕ жа- that detected ру the В unit and only fer the 
m 


ЭЭ 


ГОЛИМ? 


pue mE 
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The Dna] field experiment epjective to 
Попис дасе multipath distcrtion effects cn ths RMS signal 
waveforms could not be persued immediately, since severe 


шашаршепе се! таба | зет problems had to be scived first. 
da- Field Tests 


Tye са 747.15 


п 
Нэн that the projected field experiments could ре а 


O 
МЕЙІ ЕП  avallable asesuzenent equipment. Since the two 3 
Mutis used werked only abouz two nours Е V 
test ime was limited. Біспес more units had to be made 
ла авт: ог the reliability of the units improved. ince 
en O- the E units (F237) worked properly during the entire 
iaboratory phase with an average daily operation time of 
£cur hours, it was suspected that high ambient field 
temperatures might have caused the observed failures. The 
use of a larger sample of B units in experiments A231, A2B2, 
2 1154, ЕТАТ, A234 and А254 (Appendix  F) added more 
Lucucwns to ehe overali system reliability prcblem.  5спе ої 


the reliability problems were: 


tion receiver automatic qain control failures 
igh ambient temperatures 

Ре ррокетшњ“ cable connections 

тос ac. ns в Indicator light ganstability 


- ВЕ interference 


o ж 
+. 

| заг 
ж. = % 


(и 


1578 


| 
лаб бб 


+ 2028: 


ЈЕ > 


A 2 





- Measurement equipment failures 
- Ад station and/or B unit center rrequency drift 
as well as B unit receiver gain reduction with time 


and increasing ambient temperature 


EU ons for all but the last problem were fcund by trial 


and error during the second part of the reliability tasts. 


(D 
{Л 


Тһе solutien for the last problem was found du 


га 


Ing 


subsequent laboratcry temperature sensitivity tests. 
г. Temperature Sensitivity Tests 


As descrited іп Apoendix G beth the 8 unit and 
с 


п 
“са по measurable center frequency dritt 


the А Station sh y 

With time cr increasing temperature. The E unit receiver 
sensitivity stayed Within specificaticns at room 
temperatures. At the high teuperature chosen (509?C) all 8 


units decayed rapidly in receiver sensitivity %0  valuss, 
“піса nade them useless for field operaticn. Once a E unit 
Eroke down under high temperature it did net recover at 

temperature to specified receiver sensitivity values. These 


results agreed with the field observations. 


С blon Rent. Comparison Test 


ШЕСТЕ ЕБ ОЗЕ і5 seties oí tests, Appendix d, 
explained why B units checked out or aligned by maintenance 
Br some) xrtestoHunceert Leggett did not werk properly for 


nors than 30 to 45 ninutes in the field. The receiver gain 


reduction at higher ambient temperatures investigate 
previously яаз reiated to the akignment methoc. À 


РЕБ ЕЕ ат B unit under test was interrogated dir 


(D 
о 
сі 
ь- 
< 
СУ 
-<4 
рі 


шог тг со climinating the A staticn. It 4 


a 
prc тг гс 01011400 5:а:102 did nct respond to 





гэг сг he test RF link. If the B unit was 
Шеноа ован ЕС ов цепа ап С to A to B RF link, it was 
insensitive to high ambient temperatures and couid be used 
reliably for field experiments. The latter st setup 


te 
resembled the checkout procedure used during former field 


experiments. 
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The detailed results of the AB Range mode te 
Өеп in Berenaix Е. ІС was found, that defending 
unit antenna height above ground, location and ante 
pattern severe range pulse distortion cccurred dus + 
Multipath fading at the A staticn antenna. For short ranges 
(about 500 meters) multipath fading was crserved fcr the 
(ша ectional B unit antenna transmission спіу. А? longer 
ranges hewever, multipath fading could be cbserved fcr any 
antenna gain patern configuration depending cn tne 8 unit 
location әні = шеппа height. Tke effects cE the multipath 
Олд хє р КО MeLrCuecus яа" ranges or ‘ne 5 
response’ message returns from the А station to the C 


staticn, simulated by the B unit checkout set. 


тавагт неа ср сс тос еа leading edge of 
а range пп =“ (“26 А station. А similarly 


G2Storted ШО ОСОО vas мнобБУаїп-а duringstne multipath 


RE 


вапціаєсіспюе мк інтенцію, Apnd x D, and is shcwn n Figure 
28 тос Ж son. The wavefora shown їп Figure 29 


generally resulted in an accurate slant range. 
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РЦ 2 STANLARD RANGE PULSE 
ОШ ОО АТ TRE А STATION DURING FIELD TESTS 


This series of tests showed that although ‘wild! 
lades cculd still be obtained at the A station, no severe 
ара Бе distortion occurred at the B unit. moreover it 
наз veriried that B units used during the AE tests cperated 
os peciticacions, such that waveform distortions were not 
Saeed) DY waltunction:ng В units as observed durirg the 
liability tests. 
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During the two path simulaticn experiment it was shown, 
ШИШЕ under proper phasing conditions RF fading did cccur. 
The RMS system did not tolerate that situatico and heavily 
distorted rang2 pulse waveforms resulted in uncorrelated 
wild ranges. This Simulation, although being an over 
Simplificaticn of the real multipath conditions in ths 
field, preved to be a valuable method for predicting what 
Миг свеце. in the field. Comparison of the predicted and 
Berta results showed without any doubt, that the Ft. Hunter 
Вые semweECnpent not only allows multipath to occur, but 
Can seriously effect the RMS system overfcrmance in its 
present hardware configuraticn. Although mainly large Range 
mcd errors пауз been shown, further investigations into the 
other communication modes are expected to result in 


telemetric errors as well. 


The micre-B units operated more reliarly when they had 
Lsen aligned to A stations. The Test С Station used to 
align both the A stations and the B units, did not provide a 
common alignment standard for the two different components. 
Thus, it seems only reasonable that many E units failed te 
op- rate in the field. The temperature sensitivity tests 
indicated that alignment ED Et сесиите under field 
temperatures. The degree of drift was not determined, but 
it was obvious that B units aligned to an A station were 
less sensitive to large temperature deviaticns and were much 


mere reliable in the field. 
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МІ. RECOERMENDAT TONS 


The Rr link between the A stations and the B units is a 
critical parz of the RMS system. This link must be reliable 
if the systen ls going to prcvide accurate informaticn. In 
an effort to make this link more reliable a common standard 
should Бе developed for aligning both the A stations and the 
Пло. Investigating the origin and nature of the E unit 
alignment drirt in tne field may provide a guide as tc the 


most flexible alignment standard. 


The effects of multipath fading on the RMS system have 


been investigated and a technique for cbserving these 
effects has teen developed. Time limitaticns restricted the 
amount ог pertinent information that could be obtained. 
Further investigation of the operating areas cf Fort Hunter 
LUcogett  shculd be conducted to include field strength tests 
to determine those areas that would be most susceptible to 


NULL tia th effects. 
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Д РИБЕ МО Е А 


В ДОМЕТ CHECKOUT SET 


General Information 

The B unit Checkcut Set is designed tc operate through 
6 standard À staticn to provide ап operaticnal checkcut of 
а В unit. The set acts in essence as aC station providing 
the necessary logic and triggering circuitry to cause the A 
Station to interrogate the E unit. The set requires a 120 
Иог 50 Hz power source and provides the necessary 26 VDC 
power ror the A station. The set will cause the A station 
Ba utsrrogate the B unit in either the Range ог SCOM mode 
with either a single command or continuous commands 
(approximately 60 commands per sec.). The front panel of 
the set ( Fig 30) has the A and B address switches (octal 
address), а zode selection switch (RNG/SCM), a power on/off 
Switch, four SCOM message bit switches and 12 message 
response lights. The additicnal large unmarked switch to 
ОООО ЧП сі the address switches is the interrocation 
ЕМЕН юса. This 15 а three-position switch, off in the 
center  pcsition, single command in the spring loaced up 
ош оси апа Sonzinuous conaands in the down position. On 


the right side of the upper panel are located three signal 


өв гн Тіс “ыс гей [points provide the transmitted and 
received data bits respectively. Тһе larger white point is 
a Synchronizing signal for use with oscillcsccpe work. The 


right side panel has three cables coming from it. The lower 
single cable is the power cable. The remaining two cakles 


В ЕЕ ЕЕ Е: r3 bsrtaco cables. 
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— — — — — — — — — 


Remove the cover on the Logic Module side of tne A 
station. Install the set using the carrying handles of the 
A station as supports. Disconnect the connectors A4J2 and 
ÀA4P2, then connect AABJZ2 and AUP2 to the two interface cables 
of the checkout set. Ве sure the set is preverly grcunded 
BN he A stacicn ground terminal. Do not connect AC power 


oS tie set yet. 


2. Install desired matched (50 ohms) antenna to the A 
Station. CAUTION: Thezsanzenna must be installed prior to 
powering the set. Powering the set without ап antenna оп 
the A staticn could cause a blow out in the À station pulse 


power amplifier. 


Bis Positior the А address switch to match the A station 
address located on a tag on the Logic Mcdule of the А 
station. Pcsition the B address switches tc correspcnd to 
the B unit address which is the serial number of the В unit 
Шы ыс  Mcdule. Connect the AC power cord to a 120V/60Hz 


out and turn the power switch on. 
ШЕ марша ромег to the B unit. Select Range or SCCM and 
2, 


ither single or continuous command as desired. The message 


response lights are designed to indicate as follows: 


62 


Light Number гэг о 7 8 9 10 11 12 


Range bits EE o 8 ӘТШ 12 13 15 15 


SCOM bits ШЕСЕ ООО 11 12 13 С Х Х 


Мощ игесропзе 1 2 3 X X X X X X X X X 


C = Messag2 complete when lit 

Х = Not used 

с EM Catus bit 

15 = Least significant tit (2 meters) 


Note: (1) Max range display is 4094 meters 
эг сг 0110-2:!, 25, 6, and 7 are not displayed 








шээг D UNIT CHECKOUT SET 
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APPENDIX B 


TEKERONIX 783U STORAGE OSCILICSCOPE 


The Tektronix 7834 Storage Oscilloscope is designed to 
store single events at a maximum writing speed of 2560 сп 
per pacrosecond. This enables the user to record 
Single-shct rise times of up to 1.4 nanoseccnds. The 7834 
 ИЕПЕТашеа has a vertical bandwidth of 400 MHz ané four 
DBugelin ccmpartments. Писао the c somoartments alt EOE 
ши: са! systems and the other two аге for horizontal 

used 


Systems. Ihe four plug-ins for experimentation were: 


7А26 Dual Trace Amplifier 
7211 Digital Dslay Unit 
7335 Delaying Tine Base 
IE O Tine Base 


The overall operation of the mainframe and plug-ins is 
ENGcned in detail in the instruction manuals (Refs 17-21). 
ESI tollewing is intended «со describe the basic modes o£ 
operation thet were used during the experiments and assumes 
on Os Lagaliarizatiom of the oscillosccres features. А 


гс 10015 scope Iront panel is sheun in Figure 10. 


(0 
Fh 


Measurement oz Zlapse la 


— — — Е: — —— — — -= == - — — 


|- 3 


or Two Rereated Events 





This cverating mode was used in the laboratory to 
determine the average propagation time of the range 24155 
Е 


BM ne A seatıcn to the B unit and back. 





les (ја „ле. ас гае, Set the display mcde to Non Store, 
adjust the A channel and readout intensity tc display the 
baseline and digital readout. 

Э спе Шазостайе, set the vertical mode to Left, A and B 
ПОШ НОЕ seuECS to Left Vertical. 

Мише осе input signal to either channel 1 or 2 cf tne 
ПОЛОСАЛАР ЕЕ, 1426, and set trigger scurce and display 
mode respectively. 

4. Connect an external trigger source, which can be either 
the input signal itself or a synchronous signal from the 3 
ШЕ сшескошЕ Set, tO the external trigger input cf the 
ui ial delay unit. 

Эс Connect the delayed trigger output to the external 
trigger input of the delaying time base, 7E85. On the 7011 
Себе count mode to Time Interval Clock and the trigger 
mode to AC Ccupling, source external. Only cne time base is 
tO 


Ф 


used ECT thas mode. Set the delaying time Eas 
Independent delay mode, trigger Coupling АС, source 
Exvernal, node Normal. 

é. Adjust tche trigger levels of the 75211 and the 7B85 for a 
Stable disoclay. 

7. With the delay time knob of the 7911 mcve the leading 
собе 0: he t€ransc@itted range pulse to any of the vertical 
graticules and expand the leading edge with Time/Div krcb o£ 
the delaying time base. if the trace becomes to weak to 
see, put the display mode to Var Persist and adjust tne 
ЕВОНИ intensity and storage level. 

o жаа 500 point оі һе leading edge with a 
dea cule ana record the delay time readout cff the CRI. 

T Sve the delay time knob until the received range pulse 
falls onto «їе same graticule with its £0% leadinc edge 
point. Record the delay time readout off the CRT. The time 
difference tc the first readout is the total time of travel. 
The actual propagation time can be determined by subtracting 


the internal B unit delay time. 
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The total transmission cycle display was used for 
initial RF link testing during laboratory and field 
experiments and is the mode from which preparation for а 
single-shot event recording could be made. The digital 


delay unit was not used for this measurement. 


b The initial mainframe settings are the same as those 
used previcusly, 1 and 2 apove. 

24 Commect the input video signal tc one of the two 
channels cf the vertical amplifier. 

S If operating at the A station ccnnect the synchronous 
Paige: Signal from the B unit checkout set tc the external 
ШЕ ег input of the delaying time Базе. Por operation at 
the B unit use the signal itself as tae external trigger 
source. 

4. Set the delaying time base scale for display of the 
entire transmission cycle and adjust the trigger level for a 
stable display. Set the B delay mode to Е Starts After 
Delay. 

Бин Оп спе delayed time base, 7880, check that the trigger 
controls are set the same as those on the deiaying time 
base, 7535. 

ае Adjust the display intensity so that the delayed sweep 
intensified zone becomes visible. The intensified zone may 
re varied with the Time/Div kncb on the delayed time base, 
1980. 

7: If the display is not stable change the trigger mcde on 
reth time bases to Peak to Peak Auto апс readjust the 
trigger level carefully. 

8. TO prepare the scope for a single event recording, nove 
the  intensified zone with the Delay Time knob of the 
delaying time базе, 7885, over the desired waveform section. 


On the  mainframe, push the B horizontal mode button. This 
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causes the delayed time base to control the display. 

9, Set the display mode to Fast Var Persist anû maximum 
Auto Erase. This causes the display to te erased about 
every seccad. 

10. Adjust the storage level, persistance and intensity for 
the desired readout and trace visibility. 

11. Turn the Auto Erase button off. The 5ссре is now ready 


to record a singl=-shot event. 


Recording а Single Event 


1. Arter the scope has been set up to reccrd a single event 
Push the Aute Erase buttor. This opens the input channel 
ror a new recording. 

2. The next signal into the input channel will trigger the 
scope. Pusk the Save button to store the display cn tne 
score. 

B. The С-12 camera and adapter are designed for use with 
the 7834 scope. They enable the user to take a Polaroid 
pasture cf the scope display. Маке sure that the scope 
display is rcroperly focused and set at the ccrrect level of 


nee nasa ty prior to taking the picture. 
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APPENDIX C 


SEJIGER PATH EXPERIHENTS 


Two single-path signal experiments were conducted in 
this phase of the work. The first experiment provided a 
Working knowledge of the RMS A station and B unit and some 
Operational fafiliarity with the 7834 oscilloscope. The 
Second experiment investigated the etfects of path 
attenuaticn con tae detected signal waveforms and the system 
response in general. Ес+һ experiments utilized the  ELasic 


STUD illustrated in Figure 11. 


Experiment 


fas 


Cbjective 


л 


1. То investigate the signal waveforms of the A staticn and 


the B unit urder test. 


2. To deteəarmine the standard range bias of the A  station/B 


unit checkout arrangement. 


10 investigate the internal delay of the В unit for 


Stability. 


ea R te tie effects of noise contributions fron 


the cabled single path and other sources. 


са «е гане чаю «ае «а «а — — 


1: Dcum i vcuscso-Bounst 23/- and the S unit checkout 
Set were set up as shown in Figure 31. The nemenclature and 


serial numbers of the cther experiment hardware is given. 
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Item Nomenclature Serial No. 
Attenuator 1 KAY Variable Attenuator 9666 
Ассорпатог 2 Telonic Variable Attenuatcr 9130 
Cable 1 Ве! сеп пс 213/0 ЛЕР шесетс 
Cable 2 Belden RG 213/U 1.04 meters 
Cable 3 Helmet Antenna Cable 
Directional НР 7650 9166 
ceupler 
Се tal HP 420A 73 
MS SE Tor 
LC Power РИС 26683 
Source 


Note: All cables were 3G 213/U with a relative pernativity 
СЕ 2.26. The cables were measured in length with the 
Hewlett Packard 18154 TDRYSampler and the AN/USM-310(V) 2 
О$с111о5ссре. RG 213/70 is Specified to пауе 9 dB loss рег 
шит сс: at 910 nz. пие -щцасосг |" нас зес ас 3008 апа 
attenuator 2 was set at 50 dB. A 3 dB loss due “о cabling 
was calculated so there was a total cf 83 dB of path 
attenuaticn. This was well within the specified operating 


range of 59 dB to 104% GB for the system. 


The Hewlett Packard 7650 Dual Directional Ccupler 
attached to the A Station antenna port prcvided a versatile 
шог олг puting a crystal detector at the forward 
КОШ О СОП Branch port the transmitted signal of the А 
Station could be monitcred. If a thermistor coupled power 
meter were inserted at this test point, the average 


Па а EOwer Cf “рә А steticn could be monitored. 
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24 D О БОШ Fequires a 24 to 30 VDC source which 
Was orovided Бу а РИС power supply via the B unit power 
breaxout box. In addition, the breakcut box  prcvided 
several test points £rcm which various B unit signals could 
be monitored. Pin 11 was of particular interest because 1% 
provided the B unit detected video signal. The video signal 
consists cf both the transmitted and received video sicnals. 
То determine if tha B unit was ON, the test button on the В 
unit Т/С devicewas depressed. If the 4 lights on the I/O 


device were illuminated then the B unit was crerating. 


3. The E unit checkout set and the A staticn were set up as 
detailed in Appendix A and power was applied to the checkout 
set. The cover on the Transmitter/Receiver side of the A 
station was removed. Fin 7 located on the lewer right-hand 
Side of the squelch module is a test point used to orssrve 
ста signal of the А station. Гис “ас clearly 
СОО cn page 6-13 of Pef. 16. The probe in Figure 32 


ша 1221-1604 to pin 7. 


T. The 8 unit checkout set was set to Range and continuous 
command modes. A steady range reading of 64 meters was 


indicated by the checkout set. 


5. The 7834 озсіііозссре was set up to record repeated 


vents as detailed in Appendix B. The input to channel 1 of 


(b 


the scope was the signal transmitted by the А station 
detected оу a cryszal бесессог ас Еле Girectional coupler. 
The input to channel 2 of the sccpe was the E unit detected 
video signal. A C ГО the resulting 


Signal wavefcrms. 
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Figure 32 - A STATION TRANSMITTER/RECEIVER MODULE 
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тээг гоог тг е | Was Changed to the A station 
received signal ( pin 7 on the squelch module). The signal 
waveforms were observed and several range pulses were 
photograrhed. Cable 2 was then changed to a length of 39.4 
meters and a range reading ог 122 meters was displayed on 
the checkout set. The extra cable length added 7 dB to the 
path attenuation but this was still witnin the operating 
range or the system. Several range pulses were photographed 


Ber this ра 16-01. 


n- The internal delay time cf the B unit was m=asured by 
Bueting the Meme eecetcereda Video Signal on toth charnels of 
the scope. Using the dual sweep delay on the scope both the 
received and transmitted range pulses could Ее expandec and 
displayed simultaneously, Figure 33. The upper trace cf the 
figure is the detected Ato B range pulse  (100ns/div and 
20m¥/div) and “пе lower trace is the B tc A range pulse. 
Merely by aligning the 50 percent point of each pulse to a 
common verical graticule the time between receiving and 
transmitting a range pulse was read directly form the scope 


display as 109.1 microseconds. 
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нее 338- UNE DELAY WEASUREMENT 
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Results 

There is definitely a pias factor that must be applied 
tc the slant range readings taken from the checkout set. 
The speed or transmission in coaxial cable differs from that 
or tree space by a factor of the square root of the relative 
permativizy of the center сопбисъсг of the cable. 
Therefore, it is easily shown that a given length cf RG 
ШЗИШ согге- ds со а Calculated path length in free space. 
А cabie length of 1.04 meters corresponds to a free-space 
ра о ы сл Ce ioc meters and a cabie length of 39.4 meters 
corresponds to а Ii ce- Space path length cf 59.23 meters. 
Subtracting these free-space lengths from the respective 
slant ranges yielded a bias of about 62 meters. Since cable 
1 and the attenuators remained the sane throughout the 
single-path and multipath experiments their contributicns to 


Tes bras was not considered. 


шцы System ODcrated acccrding to specifications and the 
waveforms that were recorded were as expected. I DEC 2 
and 34 show the signal waveforas corresponding to the Range 
mode. AS previously explained, Figure 12 has the signals 
transmitted by the A station on the upper trace an 
m cEdgetecred video signals on tne lower trace. Бэст 30 
has the same B unit detected Signals on its upper trace and 
the signal received by the A station оп the lower trace. 
The two pictures snow the complete signals received and 
transmitted by the A station and the B unit in the Range 
mode. EKBanding ths Stange pulse led tc scme interesting 


во ма 
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ва сш. Эм. RANGE MODS SIGNAL WAVEFORMS 


The expanded range pulses detected at the 3 unit ard the 
AS ta tion аге showm in Figures 35А and 352 respectively. 


The range pulse detected at the B unit is sharp with а 


їл 


light overshoot. The range pulse detected at спе A station 
endicated a ruch nois r Signi By expanding the pulse 
nore (Figure 36) it was determined that the additional noise 
was at the irtermediate frequency (ЇЕ) of the А station 
receiver. It was concluded that the noise was due to 
leakage in the IF section of the receiver. This seemed to 
be chabacteristic of ШЕРІ Statvens and Had no effect cn the 


range accuracy. 


The internal delay of the B unit was measured several 
times during the experiment. It was clear that any 
variations сг the Мише dotan OUR NG Ccreratiop cf the 
System in the field would cause ranging errors. However, 
the: experiment indicated that tne internal dely was stable 


at 109.1 microseconds. 
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Figure 36 
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Experiment 2 


—— — — —— 


1. To determine the operating range or the A station/E unit 


сома па Е оса under test. 


Die To determine the effect of path attenuation cn range 


data and range pulse shape. 


1. The setup for this experiment was the same as that shcewn 
Mee toure 21. The ¢xperiment hardware was the same as in 
the previcus experiment. Cable 2, the RF link, was 1.04 
meters in length. 


2. Operating in the Range and continuous command modes 
PeecenUatCr | Was varied from 0 dB to 80 dB. This varied the 
а їг attenuation from 53 dB to 133 ав. In each 
setting of attenuaticn the checkout set was placed in the 
single-comaand node and photcgraphs recorded the shape ог 
the range pulses as detected at the В unit and the A 


stations 


ES 


5. At each setting slant ranges were reccrded in both the 


single and ccatinucus command modes. 


4. Range pulse rise times were measured f£rcm expanded range 
pulses detected at tas B unit. Rise time was defined tc be 
the time it took the leading edge of the range pulse to go 
Rs ton сегсегрт amplitude point te its ninety percent 


peints 
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Table C-1 gives a summary of the data ccllected during 
this experiment. For each value of total path attenuation 
the range cf slant range readings is indicated and wether 
the response was  'steady' or not Steady! in the 
continuous-ccamand mode. A ‘steady’ response means that the 
В unit responded properly to every interrogation by the A 
РИО ог: (пас спе В Unit failed to tesperd to any cf the 
ШІРеЕгодатіопо. In addition, for each attenuation setting 
an average slant range is indicated. This value is the 
average сё more than thirty single-command respcnsss. 
Figures 37-44 present representative pictures of range 
pulses £or selected values of path attenuaticn. Each figure 
одело Of two pictures, one c: a range pulse detected at 
the E unit and one of a range pulse detected at the А 
station. The slant range corresponding to a particular 


pulse is alsc indicated. 


When the path attenuation was less then 60 dB there? was 
never a respcnse to the interrogations of the A station. 
rhis яас expected апа meets the specified limits of 
ороваєіовр for the micro-B unit. ее, «hen the 
interrogating Signal arriving at the 3 unit is too larce the 
autematıc gain control (AGC) of the В unit receiver is 
"Saturated' and а 'го 8 response results. Tke tabulated 
data alsc shcws tnat for values of path attenuation greater 
вв ТО ЗЕ о спе В Wit never responded. At a Fath 
area taticn GE 118 dB the response of tne В unit was not 
steady, sometimes the checkout set indicated a ргорег B unit 
response and slant range and cther tines a ‘по В  resrponse' 
eceurred. ae was determined that leakage fror the 
attenuators and cable connectors were creating alternate 
paths fcr the signals. When RF shielding material was 


placed around all the connectors this problea vanished. 
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IMEEM c: lgures 37-44 that as the path 
attenuaticn was increased the average slant range increased 
and the range pulses became more distorted Ку noise. By 
expanding the range pulse to look at the leading edge it was 
apparent that in addition to overall range pulse distcrtion 
the increase in attenuation caused an increse in the rise 
time of the leading edge. Figures 45-47 are pictures cf the 
leading edge of range pulses detected at the B unit fcr the 
indicated values of path attenuation and slant ranges. For 
each picture the rise time is given. Even fcr low values of 
path attenuation (70 dB) the rise time (60 nanoseconds) 
ASS” Sloniricantly Erol the Specified value cf 40-45 
nanoseconds. Since slant ranges rely on the detection cf the 
leading edge of the range pulses, the increase in slant 
range as the range pulse rise time increased was not 
unexpected. Asswmeng that both the A station and E unit 
range slicing levels were set at the fifty percent point a 
change in rise time cf 10 nanoseconds fcr each range pulse 


would cause a 3 meters error in the slant range. 


It was assumed that the deviation in rise time was due 
to the introduction of passive circuit elezents inte the 
system by the attenuators and not a shcrtcoming cf the A 
Station ог the B uni ое лои іс 15 атте apparent that 
drstortren cf the Mee AMS in particular еһе leading 
edge, causes errors іп slant range data that may ре 


significant дерепалшш он FHF aol GC dls tertior. 
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Figure 37 - RANGE PULSES ЕКІН AEREA TICA 62-DB 
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Range 70 meters 
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A similar experiment was conducted operating in the SCOM 
mode. The results of this experiment were essentially the 
me as that for the Range mode. when the signal arriving 
at the E unit was too large a saturation ccndition existed 
3 а "по В reponse! resulted. Also, when the path 
Тісі was greater than 120 dB а "по В гезропзе! 
аг Теге жас no apparent bit Shitting due to high 
ticn nor was the noise in the channel large enough to 


Tc CILOIS. 
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APPENDIX D 


MULTIPATHESNENUDEATIOUMEEXPERECBMENIS 


The basic multipath simulaticn of Figure 14 vas used іп 
several experiments to test the system response to two 
malS arriving at the A station or the B urit at about the 
same tinme. The overall objective of these experiments was 
to determine if it was possible to create conditions that 
might cause system errors such as "wild! ranges. Dual 
directional couplers were used tc isolate the two signals so 
de teren: Combinations of signal strength and path lengths 
cculd be investigated. A secticn of variable length ccaxial 
cable inserted in the direct path allcwed for the changing 
of the phase relation between the two signals as they 
combined at either the A staticn or the P unit. Figure 48 
is the actual laboratory simulation setup with the RF 


Shielding material removed. 
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Objective 
To determine at what signal strengths the delayed signal has 


an effect on the system response in the Range mode. 


1. The equipment was set up as shown in Figure 49. The 
w direcional couplers introduced an additional 20 dB 
Meee tO each path. Prior to beginning the nrultipath tests 
each path was tested independently to insure that both paths 
were operated properly and that the noise level in each rath 
was Satisfactory. The direct path ссггезоопаеяа to a 
free-space rath of 10.1 meters and tne delayed path 
corresponded to free-space path of 58.2 meters. For this 
experiment the variable lengtn section of the direct path 
fas Kept іп the closed position. Due tc a failure in the 
Euscrnal 5 Volt power supply of the B unit checkout set, ап 


additional CC power scurce was required to provide power to 


Mie Logic section of the checkout sei. The ncmenclature and 
serial numoers 02 the remaining hardware is glven. 

Iten Nopenclature serial Ne. 
Шінесслопа1 ШР 7552 9165 
Couplers 9166 
25113 Telonic 9130 
Attenuators 514323 
Variable KAY 871 
Attenuators 9666 
ГС Power PMC 36643 
Sources Z72517 
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2. Both paths were connected. The variable attenuatcr in 
the delayed path, attenuator 1, was set to C dB. The system 
was operated in the Range and ccntinuous command modes. Tke 
variable attenuator in the direct path, attenuator 2, was 
incremented freom 0 dB to 30 аз. At each settirg of 
attenuaticn, twenty single commands were initiated and the 
resulting slant ranges were recorded. Several pictures of 
range pulses were taken at each setting. 

3. The procedure in 2 above was repeated with attenuator 


meat О ОВ end attenuator 1| varied from 0 dE о 10 ав. 


Results 

Tables Г-1 апа D-2 show the results cf the single-path 
в Бог БЕ direct and delayed paths. Аз expected, both 
paths operated properly over the specified range of signal 
levels. Figures 50 and 51 аге pictures cf representative 
range pulses detected at the В unit Гог each path operating 
independently. The results of the multipath simulation 
MES. ate shewn in Фарйе 0-3, Figures 52-59 are pictures of 
range pulses detected at the В unit for the indicated 


Mecsengaticmn combinations. 


It was apparent that when the strength of the 
шанае Баец Signal wes withir 5 dB or that of tne direct 
Bota the B unit failed to respond to the interrogaticns. 
Figure 54 clearly shows the presence of two range pulses 
ПШ луп ас Се В unit about 160 nanoseconds apart. This 
BENI dafrerences corresponds to the difference ir length 
Letween the delayed and direct paths. Since the duration of 
a range pulse is much longer than 160 nanoseccnds, the range 
pulse of the delayed path 1s Superimposed ufen the pulse of 
mice direct path. The amcunt by which the second pulse 
effects the first is determined Ly the relative strength of 
the two signals and the phase relaticn between the two 


signals upon arrival at the P unit. 
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Done DI ШІЗЕСТ PATH ATTENUATION TEST 


- — ge m — — — — 
— — — 
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TOTAL PATH AVERAGE RESPONSE 


ATTENUATION (DB) RANGE (METERS) BIPABILITY 
70 оо STEADY 
ЭЭ 72.5 STEADY 
80 25058 STEADY 
85 ; 5 76.9 STEADY 
90 ` 7229 STEADY 
100 78.6 STEADY 
105 2328 STEADY 
110 | 82.0 МОТ STEADY 
115 | оде МОТ STSATY 
120 NO B RESPONSE STEADY 


— — — — 


Table D-2 DELAYED PATH ATTENUATION TEST 





— — —À = 


рта PATH ELS АЧЕРАСЕ RESPONSE 
ATTENUATION (DB) RANGE (METERS) STABILITY 

80 иг STEADY 

85 120.9 STEADY 

90 121.7 STEADY 

95 | l 12852 READY 

100 126.0 STEADY 

ale 12257 STEADY 

115 NO B RESPONSE STEADY 

120 NO B RESPONSE STEADY 
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It is also apparent that the pulse amplitude in Figures 
53 and 54 are Significantly greater than thcse correspcnding 
to a proper B unit response. These large amplitudes create 
the saturated condition in the B unit receiver discussed 
previously in Appendix С. The initialization pulse cf the 
Range mode message sets the AGC level in the В unit 
receiver. Тї superpositioning affected the initialization 
pulses as it did the range pulses, then the second 
ета га ог purse vould сайзе а затптасей conditicn in 
the B unit receiver. This would lead to a 'no B > гезропзе! 


result. 


Шеп che darect-patn Signal was 6 dB less thar the 
Signal of the delayed path erroneous 'wild' ranges resulted. 
Al-houga the system response was not steady, ketter than 80 
percent of the slant ranges were 'wild.' The range pulse in 
Figure 55 is quite distorted and resulted in a slant range 
ШЕ! Ч58 пегесе,. It is eMear that the range slicing lev£1 of 
the B unit was set such that it was triggering on a point 
cther than the leading edge or direct-path range rulse. 
This resuit shows that the RMS system is capable of 
Breducing erroneous range data under these simulated 
conditions. Whenever the signal of either path was mors 
than 6 dB greater  *nan the signal of the other path, the 
System responded properly and indicated Slant ranges 
corresponde то ПЕ тела ӨР thes bath ch the stronger 


signal. 
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n. To create an extreme case of multipath interference and 
determine the effects on the system operating in the Range 
node. The phase relation of the two signals in the 
Multipath sigulation was adjusted to cause a zaxinun amount 
of distortion to the Range mode signal wavefcrms. 

2. To determine if complete cancellation cf the direct-rath 


signal cculd be achieved. 


Erocedures 

JE Again, the arrangement shown in Figure 48 was the 
Starting point for this experiment The same hardware was 
used ET) this experiment as in the first multipath 
ESE lisent. The direct path had an initial fath loss cf 70 
ШІ with variable attenuator set to 0 dB. Тһе delaved path 
nan initial path loss of 80 dB. The secticn of variable 
earn coaxial cable in the direct path was initially set in 
the closed pcsition. 

2. The system uas operated in the Range mode with 
Semrinuous Commands. Тһе range pulse was the only  pcrtion 
Of the signal wavetcrm that was cf interest іп thi 
experiment. 

B Tre variable aztenuators of both paths were set such 
that the signal strength of the delayed path was from 12 45 


ШЕСІ to J adr greater than the Signal strength of the direct 


(Л 


ваце At Gach setting the  variabie length section wa 


adjusted for maximum range pulse distortion. Pictures wer 


Ф 


taxen of range pulses detected at both tne A station ard the 
виа. =. 

4. By setting the variable attenuator in the direct peth to 
10 dB the signals of the two paths were as equal as could be 


measured cr calculated. The variable length section was 


107 





adjusted гог a minimum range pulse signal and the results 


Mere” recorded. 


The results of this experiment are shown in table  D-4. 
The table indicates the total path attenuation settinos for 
each path, the average ranqe response fcr at least 20 single 


tae 


Сэ 


command interrogations, the response starility ап 
setting fo the variable length ccaxial cable section. Tae 
numbers in the response stability column indicate the 
percentage cf proper responses for that setting. The 
remaining ercentage cf interrogations resulted in either 
wild range or ‘no B resonse! results. The variable length 
section was calibrated in millimeter increments ard the 
settings indicate the amount of extension frem the closed 
01:10. AS indicated, there were several instances where 
the system gave a 'no 2 response! result. Scme or the more 
severe cases of range pulse distortion are presented in 
КЕ е5 60-52. Each figure consists cf twe pictures of 
range puises, one detected at the A station and one at the 8 
unit. The amount of distortion was about equal for the two 
types сЕ range pulses. Figure 28 presentec previously and 
Figure 63 shcw the most severe distrtion achieved. Both 


figures are pictures of range pulses detected at the 3 unit. 


олг сагс Шээс ot спе dtrect-path signal was 
never achieved. Although minimum signals caused distcrtion 
of the signal waveforms, the combined signal was а1мауз 
large encugh to trigger the B unit. When the system was 
Seperated at the maximum specified operating range, that is 
ШЕН воть raths set at 105 dB of attenuation, it was 
possible to cause the system то give a 'nc 3 response! 
мазни | +. HE а елен сегерсен Or th= combined signal 


mas too lew to trigger the B unit. 
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li То determine the effect of the multipath simulation cn 
data bits in the signal waveforms of the SCCM messages. 
2. To determine i£ bit shifting can be caused under the 


multipath sisrulation. 


Erocedurss 


1. The same nultipath simulation arrangement (Figure 49) 
was used as that employed in the first two multirath 
Simulaticn experiments. 

Zu | о E0 сеовшелслај the multipath  rcrtion of the 
experiment, tne etfects or path attenuation cn the SCOM mode 
Seger wavetorus Tor each individual patb were measured. 
Operating in the SCOM mode with single comnzands, the message 
ка bits detected at the B unit were monitored. The total 
path attenuation for each path was incremented о 
specified operating range of the system and the respo 
recorded. Fcr each attenuation setting, several  Gingle 

a 


О апас were initiated at the B checkout set. го 


F1 
Ф 


ccamand, tne four bit SCOM message transmitted by the A 
Station and the four bit SCOM message received by the E unit 
as indicated on the B unit I/O dsvice were recorded as well 
as the response lights of the B unit checkcut set. 
Та the multipa@®h situlation portion of the experiment 
the same information was monitored and recorded as in 2 
above. Cperating initially with the variable length section 
ака direct раға іп the closed position, the рађа 
ttenuations were varied and the responses at each setting 
were recorded. 
4, The variable length section cf the direct path was set 
ЧО Со and әтер 3 of this procedure was recreated. 


5.  Sveral path attenuation combinations were selected. For 


у 
B 
Г 
а. 
й 
з 
— 





such combination, the variable length section was set то 
several positions and the system response recorded as 


before. 


Results 

In the single-path tests, whenever the path attenvation 
was greater than 105 dP the B unit failed tc display the 
message transmitted Гу the A station. Although the system 
did work properly within its specified operating range, it 
had worxed over a larger range of path attenuation in the 
Range mode. Table D-5 shows the results for the single-fath 
tests. Figure 64 iS a picture of the detected video signal 
or the В unit and shows three message bits for а ccımand 
that resulted in correct response. The picture of Figure 65 
shows similar message bits for a command where а "пс В 
response! resulted. This picture shows a large noise spike 
m tbe midale bit. There were ne instances of bit shifting 
or wrong messages being displayed during this test. Only 
one “instance occurred where the 8 unix received and 
dispiayed the correct transnitted messag2 and then failed to 
respond to the A station. шог 1112-11-27 спа" path 
attenuation in a single path would not cause errors in the 
SCOM mode provided the system was operated within its 


designed cperating range. 
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ши спе шітірапа Simulation, for a fixed direct-path 
length, which does not result in phase carcellation, the 
system cperated properly for all atenuation combinations 
selected, Table D-6. The pictures of Figures 66 and 67 shcw 
that destrotion of the message bits did occur, but not 
enough to cause errors. However, when the variable section 
cf the direct path was adjusted for a near cancellation 
Eu) tion, the B unit failed to respond to the А station, 
while at the same tine the B unit correctly detected and 
displayed the SCOM message transmitted Бу the А station. 
This type of response happened several times as is indicated 
in Table D-7. The signals shown in Figures 98 and 69 
correspond to two irstances where the Е unit correctly 
received and displayed the SCOM message ру 
respond to the A station. There were no case where the 8 
unit displayed an incorrect SCOM message nor was bit 


shifting evident. 
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1 EX E 


шир ог И ВАМА MODIFICATIONS 


The cbjective of this section was то cesign 
modifications to the basic helmet antenna that  wculd 
Significantly alter the antenna pattern. Three Lasic 


horizontal antenna patterns were desired and are shown in 
Eure 70. Configuration C is the omnidirectional case and 
no modifications were needed. Conrigurations A and 8 
clearly require some modification to the heimet antenna. 
Corfiguraticn A has a pencil beam pattern and thus can be 
used to limit Signals to the direct path. Centiguracion B 
produces a hcrizcntal pattern with a deep null in one 


direction thus can be used to block the direct path signal. 


The design of the modifications was by trial and errcr. 
Aluminum shielding and RF absorbing material was used to 
Мег the radiaticn pattern for the antenna. Orce a 
modification had been made the horizontal pattern for tne 
mcdified antenna was measured. Figure 71 is a diagram o£ 
the setup used co measure the antenna patterns. For testing 
and convenience  purpcses, configuration C consisted cf the 
helmet antenna mounted on а 12 in. by 15 in. sheet of 
aluminum with one and one-half inches thick piece of 
absorbing material between the antenna and the aluminum 
нге 72), ктапте 73 15 the resulting horizontal pattern, 
which is nearly the omnidirectional case. The maximum gain 


was used as a reference and set to 0 dB. 
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CONFIGURATION C 


CONFIGURATION A 


CONFIGURATION В 


ЕЕ Oe DEAL HORLZONTAL PATTERNS FOR THE HELMET 
ANTENNA 
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огт її ог A am aluminum box with a one inch wide 
slit, vertically oriented, was placed cover the helmet 
amcenma in configuration С (Figure 74). Addrtıiorally, 
absorbing material was packed between the рох and the 
antenna. Figure 75 is the horizontal pattern ТОР 
configuratior А. The maximum gain in the fcrward direction 
was approximately -6 dB with respect to the omnidirectional 
case. This gain reduction was not considered significant 


Since the desired sideward gain reduction was achieved. 


Configuration B is shown in Figure 76 and consists of a 
спе and cne-half inches wide strip of aluminum vertically 
oriented placed in frent of the antenna of configuration C. 
The space between the antenna and the metal was filied with 
aksorbing Material. The horizontal pattern For 
configuration B is shown in Figure 77. The desired maximum 
gain in tke sideward directions was about 1 de below that of 
the omnidirectional antenna. The gain reduction achieved in 
штээ! гогнага direction Was almost 5 dB relative to the 


Sideward level. 


Equipment limitations precluded taking exact vertical 
ET rns for configurations А апа В. However, fror the 
patterns that were available it was concluded that no severe 
gain reduction occurred up to 40 degrees above the 
ШОО Опа! plane. This agreed with the results of previous 
mts (Веі. 1). 
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Бура ЈЕ 


FIELD TESTS 


The first series of tests used the A station site J05 
Meare the Ft. Hunter Ligett airfield. The three B unit 


ieeations are shown in Figure 23. 


Field _Tests_A181, A1B2_ and _A1B3 (Rangsz_ mode) Тае 
objective or these experiments was to become familiar with 
the intended measurement procedures for the field. It was 
expected to determine additional requirements and to report 
abnormal results. The test setup used was the standard AB 


Fentsgquraticn.of Figure 21. 


In test A1B1 the B unit was at a distance of about 270 
meters rom tne A station. Since reflecting objects were 
located at a large distance from either the A station cr the 
B unit, it was expected that the direct-path signal would be 
dominant The data collected and Significant signal waveforms 
are shown in Table 2-1 апад Figures 78-82. The range pulse 
transmitted from the A station was checked frequently and 
Seu пс distertion, Figure 738. After abcut two hours cf 
ассо tne B unit responded only intermittendly to 
interrogaticns from the A station. The ambient tamperature 


had climted to abour 40°C. 


Figure 79 shows a returning wave£orm detected at the A 
station, which was determined to be IF noise. Since any 
video detected RF carrier showed IF leakage, Figures €1 and 


те Was Cencluded that this waveform represented either a 
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very low power signal or one which was off center frequency 
due to alignment fluctuations caused by high temperatures. 
The A station ranged on these signals at random resulting in 
wild range readings as shown in Figures 79 and 80. Since 
these wild ranges occurred at antenna configuration B, 
ENowvaticn 7299ncBes Ut as Concluded that in addition to 
the reasons indicated above, antenna gain reductions might 
have caused power loss also. Range pulse waveřorns for good 
range results are shown in Figures 81 and 82. Only slight 
envelope variations could be observed at different antenna 
.configuraticns not affecting the leading edge of a range 


pulse. 


Experiment A1lB2 was performed to compare the results іп 
A1B1 against another B unit, set up for test purposes at a 
known distance. This test B unit responded during 30 
EUNerrogations with a good return range pulse. Ac typical 
range pulse is shown in Figure 83. Envelope variations did 


not affect the leading edge in any of the ckserved cases. 
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Figure 78 - A STATION TRANSMITTED RANGE PULSE 





For experiment A1B3 the B unit used in A1E1 was  lccated 
about 800 meters away against gentle rolling hills. For 
CRIS дер о men Eultrprpath "propagation Could occur. The 
objective was to determine wether due to the short rarge in 
А1Б1 the E unit might have been in an А station antenna 
null, which effects would have keen mcre serious at artenna 
configuration B. At this time however the B unit failed to 
разропа ас ail. Since another 8 unit was not readily 
available the experiment had to be postponed to the next 
day. The B unit was checked out later using the single path 
Simulaticn t¢st setup. It was found that the B unit resonded 
Sy омета pdt 1 eucenUcec son range from 30 dB to abcut 65 


ШЕ. 


The next дау experiment A153 was ccntinued with a 
es rent B unit using only a time period frcm ó am то 10 
am, while the ambient temperatures were relatively low. Тһе 
acquired data for experinent A1B3 are shown in Table  F-2. 
Figure 84 shows a typical range pulse return. All range 
readings were acceptable. EN Ton ramgewmebulse envelope 
variations did not affect the leading edge of the range 


pulse, as shcwn in Figures 84 and 85. 
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уоште €1 = RANGE PULSE DETECTED AT THE A STATION 
ANTENNA CONFIGURATION А-36 INCHES, RANGE 266 4 





LE muc а 001-12201:5Е DETECTED AI TRE A STATION 
АЛПИ НО МЕ ТОНА РОМ, C-72 INCHES, RANGE 270 M 
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During experiments А181 tc A1B3 the fcllowing general 
cbservaticns were made: The В unit I/O device failed, when 
SCOM mode experiments were attempted. Without the I/O 
device connected the B unit represented insufficient lcad to 
thé batteries. The B unit had to be connected toa 


regulated DC power suprly, fed by an AC generator. 


From these initial familiarizaticn experiments 1t was 


concluded that 


1. More В units had to be made available to extend total 
test tine. 

2. ЕВЕ Папа te be conducted during icw ambient field 
Gemeerature periods to avoid P unit failures. 

d. Further investigations were required іс determine why 
the B unit failed after a relatively short tine of operation 
in a high temperature environment, while it had worked for 


the entire laboratory experiment phase. 
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Етешве 53 - ier PULSE DETECTED AT THE A STATION 
Dau WA CONPIGURATION C-72 INCHES, RANGE 8958 M 
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Би 2 RANGE PURSE DETECTED AT THE A STATION 
ОЕЕО ЕСШЕ Р ТОН C-72 INCHES, RANGZ 808 M 
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м с 1981 час performed at Camp Rcberts Military 
Reservation. The standard AB test setup was used tc find 
out whether a stable RF link could be established. À 


Station and E unit locations are shown in Figure 25. 


Using all three B unit antenna configurations and two 
pretested helmet antennas as well as one highly directional 
circularly pclarized Helix antenna, the fcllowing results 
were obtained: The B unit with helmet antenna unshielded 
responded steadily for about 45 minutes. Then it started to 
respond intermittendly. Varying tne antenna height, the 
configuration as well as the position withir a wavelength 
ПКЕ not їшргсуе the response. Using the helix antenna (9 dB 
gain over isctropic) regained steady responses for about 10 
minutes. Finally  arter about 2 hours the E unit failed to 
respond at all. A hard wired  single-rath simulation 
verified that the 3 unit receiver sensitivity had degraded. 
Steady responses could te obtained only from 30 to 65 dB of 


path attenuation. The following conclusions were drawn: 


1. The B units checked out and aligned by maintenance 
personnel at Ft. Hunter Ligett generally decayed in receiver 
sensitivity after a short time of continucus operaticn at 
field temperatures between 25 and 45°C. 

2. They decayed slowly or rapidiy depending upor the 
рае си] аг Е unit. In this experiment as well as in test 
A1B4 the sensitivity reduction could be balanced using 
higher gain antennas. | 

БЭ сристовс 1 у сесропатпа E unit turned off may Teccver 
for a short time as observed during the 51п912-ра+ Е test 
mocrlrTowing test A2B4. 

4. Laboratory temperature sensitivity tests had to be done 
to investigate wether amplifier circuit breakdown cr RP 


ше 
Center freguency Grift was causing this sensitivity 
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degradaticn. 

210 Тһе P unit found decaying in receiver sensitivity using 
the standard single-path test were returned 15 the 
Maintenance facility. There they checked out to oferate 
according to specifications. Therefore а ccmparison test 
had to ре made between checkout procedures. The results of 
the temperature and checkout comparison tests are given in 


Appendices G and H. 
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The objective of the first three or this second series 
of experiments was to investigate RF link signal waveforms 


in ап environment likely for multipath propagation. The 


test setup was the same as described іп test A1B1. This 
time however a preliminary ‘room test' was performed to 
ensure proper A station and В unit operation. ДЕ 5000 


temperature it was found, that the two B units #220 and #234 
operated satisfactorily, over a path attenuation range from 
65 dB tc about 105 dB. A new A station was used in this 
test, #027, and it displayed the same IF leakags in the 
video detected range pulse waveforms, for which the other А 
station had been exchanged. Since this IF ripple did not 
affect the range pulse leading edge it was accepted as a 
system feature. Further investigations into the detector 


circuitry were not attempted. 


A station site E20 was choser for the subsequent field 
tests. Its location and those for the 3 units are shcwn in 
Ее 24. Although for A2B1 and A282 the distances from 
the А station to the 8 unit were well within the system 
coverage not a single E unit response could te obtainec for 
both units. At this time it was not clearly understocd wny 
the RF link nas working so badly. Therefore the objective 
Ot the test was changed into a continuing hardware 
Berra bdility investigation. Since ррокецд E urit antenna 
elements аз well as dad cables and connectors could have 
caused a RF link failure those components were interchanged 
КЕ СЕ ЛУ yithout any improvement. Parallel to this the А 
station pcwer output and signal waveform were checked and 
compared with the specifications. No malfunctions of the A 


санае оза Gould be detected. 


ШІ -есп 2289 (ІК B unit was moved as cicse as 300 reters 


to the A station. The objective was to determine whether 
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the B unit performance depended on the AB seperation, which 
E 


would пате explained a similar receive sensitivity 
degradation found during test A1B1. At this short distance 
the B unit responded spuriously to atout every 50th 
interrogaticn regardlsss of antenna configuration. Figure 


86 shows the transmitted range pulse from the А station, 
Figure 87 а 'no B response! signal cycle and Figure 88 опе 


of the few but accurate range pulse return waveforms. 


The next experiment, 8111, was conducted at the A 
station site 905, used earlier, for two reasons. It was 
desired to cbserve the received range pulse at the E unit 
under spurious response conditions. At that time only one 
AC generator was available to be used at the B unit location 
for the BA arrangement. Only site J05 provided an AC cutlet 
to power the B unit checkout set and the A station itself. 
Also, it was known from earlier tests, that the A station 
antenna ar J05 was working properly, such that the 
N Tuact1iOnIng AB link could be related to the B unit. The 
test was set up using the standard BÀ arrangement. The B 
unit location was the same as in test A1B1. At this close 
range В unit 234 responded spuriously for all antenna 
Semelgurations to every 50th interrogaticn. AGdress and 
range pulses were detected at a very low RE carrier level 
such that noise spikes could distort both waveforms. Figure 
89 shows a received B unit address sample with almost no КЕ 
carrier level. The high ampiitude noise spike 124 passed 
the videc filter and might have changed an address bit such 
that the E unit could not respond. Figure 90 shows a severe 
distcrticn of the envelope of a low signal range pulse. 
Since the signal level was so low, the AGC was set tc its 
maximum gain such that slight envelope variations as 
observed earlier had a very proncunced effect. Since the A 
Station and its antenna were tested to operate properly by 
interrogating the test В unit, the malfunction could be 


ШОШО СО со either the RF path, the B unit antenna or the B 
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unit itself. It was therefore lcgical to exclude bct the 
RF path andthe antenna and use the single-path simulation 
arrangement for further B unit sensitivity tests. The 
waveforms observed at the B unit video detector agreed in 
distcrtion with those cbserved in the field. Moreover, the 
B unit receiver sensitivity had degraded such that it 
responded only between 30 dB and 60 dB of path attenuation. 


From the first series of tests it was expected that В 
unit receiver sensitivity would decay with increasing 
operating time and increasing ambient temperature. It was 
not understood why both units started to fail immediately in 
the field. Both units Were turned in fcr ar opera-icnal 
check and realignment. It was decided tc continue the 
hardware reliability tests in order to find out whether 
these results applied to a large number cf availatle В 


aits. 
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Field Tests 4284 апа AIBU 


These tests were a continuation or tests A231-A2B3. Таз 
objective was to find out whether the results from the las? 
tests could pe duplicated, using a different Е unit (#231) 
and different antennas and antenna cables. The E unit 


E TION was the same as that used for test A2B1. 


The B unit responded intermittendly in all three artenna 
configuraticns where the number of responses decreased from 
about cone out of five to about one out of 50 interrogations 
after 45 minutes of operation. Since a steady response was 
Beceived frcm the test B unit, B unit 231 was taken to the A 
Station site and testei fcr receiver sensitivity. The 
Standard single-patn setup was used. Ine results were 
surprising Since it responded over the specified range of 
Been attenuation from 65 dB to 115 ав. Therefore, it Was 
assumed that the antennas and antenna cables wera 
Baflzuncticning. This assunption was confirmed when the 
number of responses could be varied significantly just ру 
twisting the antenna and/or antenna cable. The A station 
and the В unit Were again tested using the standard 


single-path setup. No malfuncticns occurred. 


In test 10185 the B unit was set up at the location used 
SS DN The objective was to observe any charge in 
Бене link cuality using an ordinary halfwave Gipole E unit 
Осипа The test had to pe interrupted, sinc] no shielding 
had been designed for the dipole antenna. The results of 
this experiment added another variable to the problem of RF 
link preakdown to those found earlier. It was decided to 
try another series cf experiments using the same Е unit 


($231) with 2 pretested antenna andá antenna Cabies. 
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Field Tests A3B2, 4383, 4384, Blá3and 32A3 

This final series of field tests was perícrmed at Camp 
Roberts Military Reservation. The area actually used is 
shown in Figure 25. The overall objective was to observe 
multipath distortion efreacts on the shape cf the range pulse 
a ceived at the A staticn or the В unit. Equipment 
limitations restricted the observations tc either the A 
station cr the B unit. Therefore, it was intended after 
having observed the range pulse distortions at the A station 
to show whether similar distcrticns occurred under tte sane 
conditions at the В unit. Additionally, the transmitted 
range pulse from the B unit to the A staticn пей tc be 
monitored tc show that previously observed distortions were 
mec caused by a malfunctioning В unit. РОСЬ  experirerntal 
arrangements, АВ and BA, promised valid results, since the 
system hardware problems had been solved, thus establishing 
a reliable RE link. | 

In exreriuent A3B2 Б unit #237 was located at a range of 
approximately 500 meters against rolling kills. For this 
distance and the À station antenna height abcve the B unit, 
it was expected that the B unit would be within the A 
Hon antennd main bean. Aster tke initialization tests, 
range data was collected at various M heights and E unit 
Eten na ccnféijgurasYons as described in secticn IV. The data 


Hc presented іп Table F-3. 


Shielding the helmet antenna backlokes resulted ia 
accurate range data and undistcrted range pulse wavefcrns. 
One time cf arrival error was observed at 18 inches as shown 
in Figure Si. The tine difference with respect to an 
accurate range pulse, shown in Figure 92, agreed witk tne 
range error. Similar results were cbtained when blccking 
phe direct path. The gain reduction in the fcrward 


тесто чаз not sufficient to cause the reflected signal 


153 





to be dominant. The effects of the reflected signals being 
relatively stronger than in configuzaticn A could ре 
observed as envelore Fluctuations as shown in Figures 63 апа 


94, The leading edges were not affected. 
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ES Gf = RANGE PULSE DETECTED AT THE A STATION 
ПЕНУ ВЕСОМ = ТСОБАТТОМ 34-18 INCHES, RANGSIZ 238 М 





ос гс RANGE PULSE DETECTED АТ THE A STATION 
АРА СОНЗЕСПЕАРТОЦ A-36 INCHES, RANGE 500 M 
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rg — uandor PULSE DETECTED AT THE A STATION 
ANTENNA CONFIGURATION 8-72 INCHES, RANGE 510 M 





LEE | је = HENGE PULSE DETECTED AT TEE A STATION 
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When allcwing omnidirectional B unit antenna operation, 
severe multipath distortion occurred fcr antenna height 72 
inches. Тыс such waveforms are presented in Figures °5 and 
96. The distortions looked much 1ik2 those cbtained during 
the multipath simulation experiments. Table F-3 shows the 
resulting wild ranges, which could not be related tc the 
tine difference error caused by distortion of the leading 
edge. No range pulse distortion was observed at heights of 
36 and 18 inches. Figure 97 is a picture cf a sample range 
pulse with the helmet antenna set to 36 inches. It was 
demcnstrated that the severe fading at antenna heicht 72 
inches disappeared when the antenna locaticn was changed 


Slightly within a wavelength. 


lm" SXpermen. A353 B unit 3237 was located at a Large of 
approximatelv 4500 peters, against rolling hills. АГ 
autcmobile was located directly behind the B unit at a 
distance of about five meters to simulate the reflecting 
surface of a tank. The results of this test are given in 
Table F-4. 


Нил теле Helmet antenna іп confécuretion А, signal 
waveform distortion aud no response messages were cbserved 
at an antenna height of 18 inches. This result was net 
clearly understood, although it could be related to 
reflected signals caused by multipati propagation within the 
шешасвтеју fread main team of this configuration. Obviously 
Pewee GIStOEtION | occurred іп some cases, such that no 
response messages were generated by the A station. Figure 
98 shows a heavily distorted range pulse, where the leading 
edge seea=d to be preserved, whereas the rest of the signal 
was Significantiy reduced in amplitude. Antenna 
configuration В resulted in good range fuise returns and 


accurate range readings. 


158 





When the direct and reflected paths were combined with 
Eu guráàticn C, severe signal fading occurred. Figure 99 
shows a distorted range pulse waveform, which still has a 
sharp leading edge. It was assumed that distcrtion of the 
data bits was so severe that the A station did not гагде оп 
those pulses, thus the no B responses. Tests B1à3 and 8243 
showed later, that B unit 4237 was operating to 
specifications, therefore, these results were not the result 
Om a failing B unit. Using a different B unit for this 
antenna configuration produced similar results. Figure 100 
shows a received range pulse from В unit #305.  Comraring 
the constant IF leakage level to that of Figure 101, it can 
be seen, that the signal strength was very low. In the 
ter Case, the data pulses were accepted by the A station, 
whereas it probably ranged on a noise spike cccurring prior 
to the low signal level rangs pulse. The short range 


results are shown in Table F-5. 


То OFtain even Wore range pulse distorticn, B unit #237 
was moved in antenna configuration C-72 inches tc ancther 
location until severe range pulse distorticn наз observed. 
Table F-6 presents the results. It was fcund that range 
pulse distortion resulting in wild ranges cculd be  cbserved 
ШЫ all antenna configurations at 72 inches. For lover 
elevations, signal fading caused a constant 'no B response! 
result. Two distorted signal waveforms are shown in Figures 
ог апа 103. 
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UES 95 = RANGE PUDSE DETECTED AT THE A STATION 
ANTENNA CONFIGURATION C-72 INCHES, RANGE 42 M 





nro SUMI HEE PULSE DETECTED AT TEE A STATION 
ANTENNA CONFIGURATION C-72 INCHES, RANGE 2044 М 
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Басра - RENCE PULSE DETECTED AT TRE А STATION 
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PaaS eon мен PULSE DETECISD, ЁТ THE A STATION 
Reeve CONFEGURATION #18 INCHES, RANGE 4270 М 
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Бїс 102 - mRAGE PULSE DETECTED AT THEA STATICN 
ANTENNA CONFIGURATION C-72 INCHES, RANGE 856 M 
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rus 103 = RANGE РИТ ЁёгрЕТЕҮСТЕО AT TEE À STATICH 
вашае ан сома тоў ВАР ТОМ 4-72 INCHES, RANGE 1022 M 


167 





ПАЗИ Слави p= КОВИН. 
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Field test B1A3 resembles test A3B2 with B unit %237 
being located about 500 meters away from the А station. Таз 
data that was obtained is shown in Table  F-7. No range 
errors were observed at any of the antenna configurations 
we luding сопттаптасаоп C-72 inches, where range errors had 
Securred in test 4382. However no attempts were made to 
move the helmet antenna into а position te cause: fading. 
The radio communication link between operators had kroken 
Асып, 50 there was no way for the B unit operator to know 


that moves should be made. 


It could be clearly shown, that B unit #237 transmitted 
a clean range pulse at the specified power level and that no 
MAME path fading occurred at tha B unit location. This 
agreed with the theoretical assumption that for non planar 
reflectors multipat propagation ¿rom A to B is a 
nonreciprccal phenomenun. Figures 104 and 105 skow a 
typical range pulse received at and transmitted by the 8 
inet. Тов ое, the observed range pulss distortion in 
test A352 could be clearly related to multipath fadirg at 


the A Staticor antenna. 


Field test B2A3 resembled test A3B4 with B unit 8237 
located about 4500 meters away from the A station. The data 
obtained is shown in Table F-8. In agreement with test A3B4 
Short ranges of response messages were cbtaired fcr all 
antenna configurations. It was assumed that similar range 
puusecdriseortwxon occurred at the À staticn as observed in 
test A3B4. The received range pulses as well as those 
transmitted by the B unit were never significantly 
distorted. Typical transmitted and received range pulses 
are shown in Figures 106 and 107. As pcinted out in the 
Ес ЖЕЗ: БАЗУ, По [critical sultirath distcr+ion 
cccurred at the B unit, which opérated within specifications 


Mar over five hours in the field. 
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Figure 198 - Вт TRANSUITTED RANSE PULSE 
ANTENNA CONFIGURATION C-72 INCEES 
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BEBENDIX G 


шиг Бов ИТ TEMPSAATURE TESTS 


— — — — — шш eee 


It had become apparent during the RMS reliability field 
tests that В units wnich had worked properly at room 


temperature degraded in receiver sensitivity rapidly at 


higher field temperatures. This decay in receiver 
sensitivity shortened the usable 1 cer Meda eon range 
drastically. The objective or these experiments was to 


Simulate a high ambient temperature environment for the В 
unit and test its perforaance against that at room 


temperaturs. 


The experimental procedure consisted cf three pha 
Birst the 3 unit was continuously interrogated in the Range 
mode for arout one hour at rocm temperatura. Then, the D 
ıt vas put into a high ambient temperature tox. There 
was again continuously interrogated in the Range mode 
Beust an hour cr Until it failed to resrend. en 
ЕНЕСІ ERE E Unit had completely cooled off, phase ons and 
phase twc or the test were repeated for  recovar check. 
КОЛОС Сату атаа гасп [Базе of the test the £ollcwing 


u3racterijstics were recorded. 


- Rccm temperature (Roon) 
- сазе седрегасиге of the B unit (Сазе) 
- Anbient temperature of champer (Chamrer) 


- Maxinum path attenuation with steady response (High) 
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- Minimum path attenuation above receiver 
Saturation (Low) 
- B unit average power out (В) 


- A station average power out (A) 


The experimental setup was the same as that used fcr the 
Single path tests. In addition, a temperature control and 
measurement arrangement was used as shown in Figure 108. 
Two B units (%с 267 апа 305) меге tested. The results are 
tabulated in Tables G-1 through G-4. B unit 305 was tested 
cnly at rcoa temperature since ії had not recovered Ira a 


Meevious failure in the field. 
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It was assumed, that sensitivity degradation at  Lbiakher 
temperatures could have been caused by RF carrier center 
frequency shifting in the A station and/or В unit. The 
objective of these testS was to determine whether any RF 
carrier center frequency was in fact drifting at higher 
operating temperatures. The experimental setup is shcwn ir 


Figure 109. 


ӘНЕ а === Топ ӘБ 5 Untt amas put intc a controllable 
ambient temperature cnamber. The RF output Signal was fed 
through а 20 dB loss dual directional ccupler into the 
1113/TR 502 Tektronix Spectrum Analyser. The analyser had a 
Specified 1 KHz to 1800 MHZ range and a 2 KHz frequency 
stability over a one hour period after a two hour warm up 
period. Before and after each experiment tne alignment of 
the analys2r was checked against a stable Signal Source at 
918 ا‎ The analyser showed по observable internal 


eaciliatcr drift. 


The displayed A station or B unit frequency spectrum was 
observed over a four hcur continuous Range mode pericd of 
бр=га поп. The ambient temperature was increased during 
this time period from room temperature tc 4809С. The 
шазийев аге shown an Figures 110 to 116. The digital 


readout on the CRT displayed the following quantities: 


шориШеєо to right: input RF attenuation 
Center frequency 
Resoluticn 
Сос ете со algae: “Vertical scale in d8 rer divisicn 


Horizontal са е іп КВ? per division 


No spectral analysis was done in this experiment since only 


the center frequency was to te observed. 
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кунге 110 = A STATION FREQUENCY SPECTRUM 
МЕНЕН 11101775 OF OPERATION АТ 239c 





НЭГ STATTEN FREQUENCY SPECTRUM 
AFTER 2 HOURS OF OPERATION UP TO 330C 
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exe 113 - OUPPUT SPECZRUM*B UNIT 305 
ЕТЕН SMINUMSES GR OPERATION AT 239С 





EROE iiS = OUTPUT SPECTRUM” £E UNIT 305 
METER 4 HOURS OF OPERATION UP TO 48°C 
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APFENDIX В 


SETS HER TSEENVESTIGATIONS АТ ЕНГИЗОМ 


The laboratory experiments initially ccnducted and the 
temperature sensitivity tests described in Arrpendix G, had 
shown that all B units aligned ру maintenance personnel at 
Ft. Hunter Liggett worked satisfactorily only at low or roon 
temperatures. It was therefore decided tc compare the B 
unit checkout procedure used in single path experiments with 
that employed at the maintenance facility at Ft. Hunter 
шас.  MCrSeover it had become apparent, that multipath 
propagation rhenozena could only be observed with a reliable 
ШІП B RE link. 


Tne test procedure is shown schematically in Figure 117. 
ШЕШЕ В прасе kero available (Fs 213, 267, 237, 305).  Спіу з 


unit 213 werked satisfactorily at rocm temperatures. After 


> 
(D 


шог 112100 the high temperature test it was realigned іг + 
same manner as В units 267, 237 and 3C&, which did not 


operate properly over the specified sensitivity range. ТА 


Ф 


тесі setup used Бу maintenance personnel at Ft. Eunter 
Liggett is shown in Figure 118. Tne B unit was directly 
interrogated by the test C station and then aligned аз 
described in ref. 2. This test setup was then modified to 
HI - рено in Figure 119 which resembled the single path B 
unit checkout setup used in Appendix С. А Е ип + whick was 
Б adligiea directly Фо а С Station, failed to respcnd to 
ООШ с О О УС Ін WEN Was interrogated by the C 
Station. After the B unit was realigned to the A station, 


the low and high temperature tests were repeated. 
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It the unit worked over the specified SOn itivity range it 


was taken out for the next field experiments. 
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